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Abstract--UTCE is a platform for ultrametric tree construction 
and tree evaluation. Phylogenetic tree can be used by biologists to 
observe the relationship between species, and the ultrametric tree 
is a popular model which is assumed that the rate of evolution is 
constant. UPGMA is one of well-know ultrametric tree 
constructing algorithm. However, UPGMA is a heuristic 
algorithm and can not guarantee the constructed phylogenetic 
tree is minimum size. UTCE provides an efficient minimum 
ultrametric tree construction tool, PBBU. PBBU is a parallel 
branch-and-bound algorithm for construction minimum 
ultrametric tree in Cluster or Grid computing system. Moreover, 
in UTCE, two logical methods, 3PR and 4PR are designed to 
evaluate the consistency between the phylogenetic tree and/or the 
corresponding distance matrix. Besides, we build a grid 
computing system consisted with three Linux PC Clusters, and it 
uses Globus Toolkit as middleware. UTCE provides a friendly 
web user interface and the experimental results show that our 
platform can save computation time. UTCE is freely available at 
http://pdcluster1.csie.chu.edu.tw/tree2. 
 

Index Terms—Grid Computing, Web Service, BioGrid, 
Phylogenetic Tree, Phylogenetic Tree Evaluation  

I. INTRODUCTION 

Constructing phylogenetic tree is an important problem in 
taxonomy and computational biology. A phylogenetic tree can 
represent the relationship among of species, and biologists can 
observe the relationship of it. Many tools had been proposed, 
including UPGMA [16], Neighbor-Joining [17], PAUP, and 
MEGA [13], all of these try to construct meaningful 
phylogenetic trees. The sequences and the distance matrices 
[14] are major input of these tools. In the sequences, 
phylogenetic trees are constructed according to multiple 
sequences alignment (MSA). In the distance matrix, the tree is 
constructed with biologists-defined value (e.g., edit distance 
[1]). However, it has been shown to be nondeterministic 
polynomial-hard (NP-hard [2-4,9,10]) to obtain an optimal 
result for MSA problem or phylogenetic tree construction 
problem. 

An important and common used model is assumed that the 
rate of evolution is constant. Based on this assumption, the 

phylogenetic tree will be an ultrametric tree (UT). It is a rooted, 
leaf labeled, and edge weighted binary tree. In an UT, each 
internal node has the same path length to all leaves in its 
sub-tree. UPGMA is one of well-know ultrametric tree building 
algorithm. Since to find a minimum ultrametric tree (MUT) 
from distance matrix is an NP-hard problem, UPGMA adopted 
a heuristic algorithm and it implied that UPGMA can not 
guarantee the constructed phylogenetic tree with minimum 
size. Although MUT construction problem is NP-hard, it is still 
worth constructing an MUT for middle-size set of species 
based on powerful computers or efficient computer techniques. 
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Grid computing and pervasive computing can solve complex 
problems with large-scale computation power and data storage 
resources [6-8], and loosely coupled. Grid is a computing 
architecture based on internet connection, it shares 
heterogeneous computation and storage resources, instead of 
traditional Cluster system, and it can easily add more 
computation resources with lower cost. For our proposed 
parallel branch-and-bound algorithm for MUT problem, it 
needs large computation resources. A Grid computing can 
aggregate the computation resources into a large computing 
power for tree construction use.  

In this paper, we present a grid system and a web platform, 
UTCE, for ultrametric tree construction and tree evaluation. 
UTCE uses parallel branch-and-bound algorithm (PBBU [21]) 
which is an efficient parallel branch-and-bound algorithm to 
construct MUTs from distance matrix in grid computing 
environment. As far we know, UTCE is the first web platform 
to construct MUTs and PBBU is faster algorithm compared to 
previous ones. While it is difficult for biologists to evaluate the 
qualities of phylogenetic trees constructed by various tools. In 
UTCE, we propose 3-Point Relationship (3PR) and 4-Point 
Relationship (4PR) to evaluate the consistency between the 
phylogenetic trees and /or the corresponding distance matrix. 
Our propose grid computing environment which contains three 
Linux PC Cluster by using Globus Toolkit [22] can provide 
powerful computation resource for these applications. 
Moreover, the web platform also provide a simply and friendly 
interface for biologists to use proposed tools above. 

The paper is organized as follow. In section 2, proposed tools 
about construction phylogenetic trees, evaluation methods and 
grid computing system are given. Experimental results are 
described in section 3. Finally are our conclusions.  

II. METHODS AND GRID SYSTEM 
UTCE is a web service which contains the tree construction 

and evaluation tools. A web service is a user friendly interface 



 

for biologists. Moreover, the computation time for tree 
constructing increases rapidly if the number of species grows. 
In our web service platform, biologists can close their browser 
after submit their job. Our system will send the results by 
e-mail to biologist instead of respond it in browser. 

UTCE contains following components: (1) PBBU, (2) 3PR, 
(3) 4PR, (4) Sequence alignment, and (5) Grid computing 
system. 

A. Parallel Branch-and-Bound Algorithm (PBBU) 
Parallel Branch-and-Bound Algorithm (PBBU) is designed 

on distributed memory multiprocessors and the master-slave 
architecture. The PBBU uses a branch-and-bound technique to 
avoid exhaustive search of possible trees. For load-balance 
purpose, the master processor (MP) contains a Global Pool and 
each slave processor (SP) has Local Pool, moreover we use 
new data structure instead of the link list to store BBT. It can 
send/receive smoothly on the parallel computing environment. 
A branch-and-bound is a well-know strategy to avoid 
exhaustive search and has been used to solve other NP-hard 
problems [20]. PBBU is a parallel algorithm that can be 
executed on High-performance (HPC) Cluster and Grid 
computing system and faster than other algorithms. PBBU can 
process 36 species on average with 16 PCs in one day on 
average, which is higher than 12 species in Hendy and Penny 
[11] and 25 species in Wu et al. [19]. In addition, biologists can 
set a time constraint (e.g., one hour) for PBBU if they have 
limited time or the number of species is larger than 40. Once it 
is beyond the time constraint, PBBU report a near MUT, which 
is still closer to the MUT than that by UPGMA in general. 

In UTCE, biologists only should paste the distance matrix on 
the web to run PBBU. They also can determine the number of 
PCs and the time constrain to run PBBU. The output is MUT or 
near MUT (if the time exceeded), which is represented by 
Newick tree format. The output can be used as an input for 
TreeView [18] to display the phylogenies trees. The following 
algorithm describes the major flow of PBBU. 

In MP, in step 1, it records the input matrix M to form a 
maxmin permutation and then re-label the species as a leaf set 
{1, 2, ..., n}. In Step 2, a root v of BBT is created by MP which 
represents the only topology with leaves 1 and 2. In Step 3, MP 
runs UGPMM to find a feasible solution and store its weight in 
global variable UB as an initial upper bound. In Step 4, MP will 
generate some nodes of BBT according to 3PR relation. Note 
that the value of LB(v) for  each node v generated by MP is 
lower than or equal to UB. Now the number of BBT is triple of 
processors p. 

Since each node v in each SP may be bound quickly or not, 
we try to balance the work among processors before the 
dispatches procedure. In Step 5, for each node v generated by 
MP, a Cost(v) is calculated first, and then all of Cost(v) are 
stored in an increasing order. According to the sorting results, 
each corresponding node will be stored sequentially into the 
Global pool (GP). Afterward, MP dispatches most of the BBT 
to SPs by the cyclic partition technique. In the dispatching 
procedure, UB and M are also sent to SPs. Now, MP preserves 

1/p nodes in GP. After dispatching most of nodes from MP to 
SPs, PBBU with 3PR tries to find the optimal solution.  

 
Parallel Branch-and-Bound Algorithm for MUT 
 
Input: A n * n distance matrix M 
Output: The minimum ultrametric trees 
 
Master Processors (MP) 
Step 1: Master computing node re-labels the species by 
maxmin permutation. 
Step 2: Master computing node creates the root of the BBT. 
Step 3: Master computing node runs UPGMA and uses the 
result as the initial UB (upper bound). 
Step 4: Master computing node branches the BBT until the 
branched BBT reaches 3 times of total nodes in the computing 
environment. 
Step 5: Master computing node broadcasts the global UB and 
sends the sorted matrix the nodes cyclically. 
Step 6:  
while number of UTs in LP (Local Pool) > 0 or number of UTs 
in GP (Global Pool) > 0 do 
 if number of UTs in LP = 0 then 
  if number of UTs in GP <> 0 then 
   receive UTs from GP 
  end if 
 end if 
 v = get the tree for branch using DFS 
 if LowerBound(v) > UB then 
  continue 
 end if 
 if insert third species then 
  branch according to the 3PR 
  add the other branch to DBP (Delay Bound Pool) 
 end if 
 insert next species to v and branch it 
 if v branched completed then 
  if Cost(v) < UB then 
   update the GUB (Global Upper Bound) to every nodes  
   add the v to results set 
  end if 
 end if 
 if number of UTs in GP = 0 then 
  send the last UT in sorted LP to GP 
 end if 
 
 if LP ==0 and GP ==0 
  LP = DBP 
 end if 
end while 
 
Step 7: Gather all solutions from each node and then output it. 
 
Each of Slave Processors (SP) 
 
Step 1: 
while there is a node in LP and the execution time of PBBU < 
Tc do 



 

 Delete all nodes v in Local pool (LP) if LB(v) > UB or all the 
children of v have been deleted. 
 Select a node s in LP according to selection rule, whose 
children of s has not been generated. 
 Generate the children of s by using the branching rule. 
 If a better solution is found, then update UB as a new upper 
bound and broadcast UB to MP and  other SPs. 
 If there is a request from MP and the number of nodes in LP 
> 2, then send 2 nodes to MP. 
end while 
Step 2: 
if there is no node in LP and the execution time of PBBU < Tc  
 Send a request to MP. 
 If receive 2 nodes from GP in MP, then go to Step 1. 
Step 3: 
if the execution time of PBBU > Tc  
 Send all nodes in LP to MP. 

 

B. 3-Points Relationship (3PR) 
3PR is a logical method to check the LCA relation for any 

triplet of species (a, b, c) in a distance matrix, which is 
preserved or not in the constructed phylogenetic trees. For any 
two species (a, b), LCA(a, b) denotes the least common 
ancestor of (a, b). If (x, y) are two nodes in a phylogenetic tree, 
x → y is written if x is an ancestor of y. For a triplet of species 
(a, b, c) in the distance matrix M, if the distance M[a, b] of 
species a and b is less than M[a, c] and M[b, c], LCA(a, 
c)=LCA(b, c) → LCA(a, b)  (as ((a, b), c); in Newick tree 
format).  

For a triplet of species (a, b, c), it is contradictive if the least 
common ancestor relation in a distance matrix is not preserved 
in the constructed phylogenetic tree. 3PR can be used to 
evaluate the qualities of constructed phylogenetic trees. A 
phylogenetic tree is considered unreliable if the number of 
contradictive triplets is large. The evaluated result may be 
useful for biologists to choose a feasible phylogenetic tree 
construction tool. For example, Table 1 is the distance matrix. 
Since M[a, c] > M[b, c], then we assume the species c should be 
closer to species b. Then in figure 2, we treat (a) as 
contradiction. 
 

Table 1. Distance matrix 

 a b c 
a 0 25 20 
b 25 0 15 
c 20 15 0 

aa cc bb aa cc bb
(a) (b)  
Figure 1. Candidate BBT 

 

C. 4-Points Relationship (4PR) 
4PR is another logical method to find contradictive species 

in distance matrix by checking the LCA relations in any set of 4 
species. In 4PR, a species is contradictive if it causes some of 

contradictive sets. A set of 4 species (a, b, c, d) is contradictive 
if this set has 4 least common ancestor relations: ((a,b),c);, 
((a,b),d);, ((a,c),d);, ((b,d),c); or ((a,b),c);, ((a,b),d);, ((a,c),d);, 
((c,d),b);. This observation has been proved [5]. For a list of 
contradictive sets, a greedy algorithm is used to find 
contradictive species, which cause these contradictive sets. 
4PR can be used to evaluate the qualities of a distance matrix. 
The evaluated result may be useful for biologists to redesign the 
distance matrix or not. In UTCE, biologists should paste a 
distance matrix from biologists or other tools up on the web to 
run 4PR. The outputs include the number of contradictive sets, 
the list of contradictive sets, contradictive species and a new 
distance matrix with no contradictive species. 

D. Sequence Alignment 
In UTCE, a simple dynamic programming algorithm [1] is 

used to compute the edit distance among any two species (a, b) 
with DNA or protein sequences. It provides a rough distance 
matrix for biologists if they do not know how to design their 
distance matrix. Instead of our proposed distance matrix, we 
suggest that biologists should also use other famous sequence 
alignment tools, e.g., ClustalW, to give a distance matrix. In 
UTCE, biologists should paste sequences in FASTA format up 
on the web to run sequence alignment. The output is a distance 
matrix. 

E. Grid computing system 
We use three Linux based PC cluster to build a multi-cluster 

grid environment, the hardware configuration and software 
configuration describe in Table 2. Each cluster has one master 
node and several slave nodes, and interconnected with 
100Mbps fast ethernet switch. In real world, cluster to cluster 
communication speed is much lower than intra-cluster. In order 
to fit in with this stage, we use iptable facility in Linux kernel to 
limit the connection speed between cluster to cluster 
communications. By this function, we limit the connection 
speed to 10Mbps. Figure 2 is our grid environment diagram. 

 
Figure 2. PD BioGrid diagram 

Table 2. Grid hardware and software configuration 
 PDC 1 PDC 2 PDC 3 
Number of 
Nodes 

10 10 14 

CPU AMD Athlon XP 
1600+ 

AMD Atholon XP 
2000+ 

AMD Athlon XP 
2000+ 

Memory 768 MB 1 GB 1 GB 
Software Linux CentOS 4.2 

Globus Toolkit 4.0 
MPICH-G2 

Linux CentOS 4.2 
Globus Toolkit 4.0 
MPICH-G2 

Linux CentOS 4.2 
Globus Toolkit 4.0 
MPICH-G2 



 

UTCE Toolkit 1.0 UTCE Toolkit 1.0 UTCE Toolkit 1.0 

III. EXPERIMENTAL RESULTS 
Figure 3 and 4 are the web service interface for PBBU and 

3PR. In figure 3, there is an e-mail input field for getting 
computation results. Moreover, biologists can choose how 
many number of processors for this job and time constraint of 
it. Figure 4 also has an e-mail field and biologists can input 
their distance matrix and constructed evolutionary tree for 
evaluation different constructed trees from various methods.   

 

 
Figure 3. The PBBU submission form 

 

 
Figure 4. The 3PR submission form 

 
For verify the performance of the UTCE, here we use two 

data sets to test PBBU, one is 135 Human Mitochondrial DNA 
sequences + Chimpanzee Mitochondrial DNA sequence [18], 
the other is random generated data set which the range of 
distance is between 1 and 100. In order to eliminate the problem 
of data dependence, thus each case we run 10 instances. Then 
we compare the average, median, and worst case. Table 3 
shows the processors combination. Moreover, we use the 
Bacteriophage T7 [12] to verify the correctness of our parallel 
algorithm. 

 
Table 3. Processors combination 

 PDC 1+2 PDC 1+2+3 
Processor
s 

2 4 8 12 16 20 24 28 32 

 
Figure 5 and Figure 6 show that our UTCE platform in grid 

computing environment can save computation time with our 
proposed parallel algorithm both for HMDNA data set or 
Random data set. We can observe that even in the worst case, 
our parallel algorithm can save the computation time 
efficiently. In figure 5, we can observe the speed-up ratio is 
near linear for 2, 4, and 16 processors of average case. 
Similarly, fro random data, it is near linear for 4, 8, and 32 
processors of average case. 
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Figure 5. Computation time of HMDNA data set 
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Figure 6. Computation time of Random data set 

 
Figure 7 shows the topology of constructed MUT from 

UTCE. Compare to the results shown in [12], these two trees 
consist the same results. 

 
 



 

 
Figure 7. The result of Bacteriophage T7 obtained from 

UTCE 

IV. CONCLUSIONS 
In this paper, we build a grid computing system which 

consists of three Linux based PC Clusters with the Globus 
Toolkit. And we develop an UTCE platform for MUT 
construction tool PBBU and two evaluation methods 3PR and 
4PR tools. Moreover, UTCE provide easy used web interface 
for biologists, and the experimental results show that our 
PBBU tool can save the computation time. Moreover, we can 
observe it can save a lot of computation time when uses more 
processors. In some cases, the speed-up ratio can achieve linear 
speed-up. UTCE is freely available at 
http://pdcluster1.csie.chu.edu.tw/tree2. 
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